Genetic diversity was assessed among 47 elite finger millet genotypes (29 varieties and 18 African and Asian germplasm) using 16 SSR markers. Owing to polyploidy nature of crop seven SSR markers have amplified more than one dose of alleles per genotype. Thirteen markers were polymorphic with polymorphic information content from 0.02 (UGEP56) to 0.61 (UGEP64) with an average of 0.22. A total of 72 alleles were detected across genotypes and alleles per SSR marker loci ranged from 1 to 14 (UGEP107) with an average of 4.69. UPGMA based dendrogram generated by Jaccard's similarity coefficient had grouped 47 genotypes in to three clusters and they were widely distributed on two dimension principle component analysis graph. Analysis of molecular variance revealed higher polymorphism in varieties (53.39 %) than in germplasm (39.71 %), implying higher genetic variability in cultivated varieties. The information gathered in the study will be useful in planning hybridization for further finger millet improvement.
Introduction
Cultivated finger millet (Eleusine coracana subsp. coracana) is an allotetraploid (2n=4x=36) nutricereal crop species of the family Poaceae and subfamily Chloridoideae Srinivasachary et al. (2007) . It has adapted to wide range of harsh eco-geographical conditions with minimal input and providing critical genetic resources for millions of poor farmers upon which they depend for staple food and livelihood income in infertile and marginal areas Hilu et al., (1979) . It is the fourth most important millet covering 10 per cent of the global millet area in over 25 countries of Asia and Africa. India is the leading producer with an area of 1.13 million hectare and production of 1.82 million tonnes (MAFW, 2015-16) and major states growing finger millet are Karnataka, Tamil Nadu, Andhra Pradesh, Odisha, Maharashtra, Uttarakhand, Jharkhand and Gujarat. Nutritionally it is rich in dietary fibre, calcium, iron, manganese and methionine (Pragya and Rita, 2012) , which are low or lacking in diets of millions who use rice as staple food. Because of its high nutritional value and excellent storage quality it is known as food security crop Dida et al.(2007) . It has some medicinal properties also viz., hypoglycemic, hypocholestromic and is rich in antioxidants, hence highly valued for diabetics and for better gastrointestinal health Devi et al.( 2011) . Assessment of genetic diversity of genotypes gives an idea to the breeder before attempting any hybridization program. Generally morphological traits are used in the assessment of genetic diversity, where phenotypic expression is invariably influenced by the environment. Use of Deoxyribonucleic Acid (DNA) markers which are environment insensitive would help in assessment of genetic variation at DNA level, which is more precise. In finger millet molecular diversity has been assessed using different marker systems viz., Random Amplified Polymorphic DNA (RAPD) Karad et al. (2013) , Inter-Simple Sequence Repeat (ISSR) (Prabhu and Meenakshi 2013; Zuge et al. (2018) , Simple Sequence Repeat (SSR) Prabhu and Meenakshi (2013) ; Nethra et al. (2014) ; Manyasa et al.(2015) ; Santie et al.(2015) ; Ramakrishnan et al.(2016) ; Gimode et al.(2016) ; Pandian et al.(2018) and Single Nucleotide Polymorphism (SNP) markers Kumar et al.(2016) ; Gimode,(2016) .
Among different marker systems SSR marker is more appropriate for assessing genetic diversity because it DOI: 10.5958/0975-928X.2018.00069.8 provides more informative molecular data compared to other marker techniques Stich et al. (2010) . In finger miller several SSRs Dida et al.(2007) ; Gimode et al.(2016) , Hittalmani et al.(2017) , Expressed Sequence Tags (EST)-derived SSRs ; Obidiegwu et al.(2014) ; Pandian et al.(2018) and Single Nucleotide Polymorphism (SNP) markers Kumar et al.( 2016) ; Gimode et al.( 2016) have also been developed. Dida et al. (2007) have published 82 SSR markers from sequences of positive clones identified by hybridization in finger millet. Santie et al. (2015) analysed these markers for their usefulness in discerning genetic diversity by screening across 10 diverse genotypes and identified 20 informative SSR markers. Gimode et al. (2016) Use of SSR marker poses some problems in polyploids especially allopolyploids, mainly because of inability to identify/score homologous vs. homeologous alleles and therefore to estimate other primary statistics for (hetero)zygosity Huang et al. (2008) between and across ploidy. Several methods have been proposed to render microsatellites suitable for polyploid species Samadi et al. (1999) ; Espinoza & Noor (2002) ; Bruvo et al. (2004) ; Babaei et al. (2007) . Non-availability of genetic resources for differentiating alleles of a locus in finger millet, individual alleles of each locus, in similar way as in previous studies, were scored as presence/absence (binary matrix) and used in calculation of similarity indices as in dominant markers. In the present study, a set of 16 SSR markers Dida et al.( 2007) were used to assess genetic diversity among 47 selected finger millet genotypes. Genomic DNA was isolated from young leaves of 14 days old seedlings by following modified CTAB method Mace et al.,(2003) .
Material and Methods
The 47 genotypes were subjected to genotyping using 16 published SSR markers (Table 2) for finger millet Dida et al.(2007) . In all forward primers, M13-tag (5′-CACGACGTTGTAAAACGAC-3′) was attached on 5′ end that allowed incorporation of a fluorescent label during PCR to facilitate detection of amplified products Schuelke (2000) . PCR reaction was carried in 10 μL in 96 well microtitre plates and each reaction mixture comprised of Taq buffer (20 mMTris-HCl, pH 7.6; 100 mMKCl; 0.1 mM EDTA; 1 mM DTT; 0.5 per cent (w/v) Triton X-100; 50 per cent (v/v) glycerol), 2 mM MgCl 2 , 2 mM dNTPs, 0.16 μM fluorescent labelled M13-forward primer, forward primer, 0.2 μM reverse primer, 0.2 units of Taq DNA polymerase (SibEnzyme Ltd, Russia) and 30 ng of template DNA. PCR reactions were carried out by following touchdown PCR program with an initial denaturation of 94°C for 5 min, followed by 10 cycles of denaturation at 94°C for 20 s, annealing temperature starting at 61°C for 20 s decreasing by 1°C/cycle and extension at 72°C for 20 s. Further this was followed by 35 cycles with an annealing temperature of 58°C for 20 s and final elongation at 72°C for 20 min. Amplification was confirmed by running 2 μL of the PCR products on a 2 % (w/v) agarose gel stained with ethidium bromide and visualised under UV light.
For the electrophoresis amplified products (1 μL-3.5 μL of each) of two SSR markers labelled with two different fluorochrome (FAM (blue) and VIC (green)) dyes (Applied Biosystems) were co-loaded together with an internal size standard, GeneScan™-DOI: 10.5958/0975-928X.2018.00069.8 500 LIZ® (Applied Biosystems) and HiDi™Formamide (Applied Biosystems). Amplified products were separated by capillary electrophoresis using an ABI Prism® 3730 Genetic analyzer (Applied Biosystems) and which has detected alleles differed by only few bases among the genotypes screened. The allele calling was performed based on peak patterns in electropherogram ( Fig. 1 ) across 47 genotypes using Gene Mapper 4.0 (Applied Biosystems). Out of 16 SSR markers nine markers recorded single dose allele amplification (single peak pattern per genotype as depicted in Fig. 1a ) across 47 genotypes, however remaining seven SSR markers have exhibited more than one dose allele amplification (more than one peak pattern per genotype as depicted in Fig.1b & 1c ) across 47 genotypes. Among them five SSR markers, UGEP33, UGEP96, UGEP3, UGEP79 and UGEP65 amplified two doses of alleles; while UGEP110 and UGEP107 SSR markers amplified three and seven dose of alleles ( Fig.1c) per genotype, respectively. In total 16 SSR markers recorded 29 dose of putative alleles (including homeologus alleles) across 47 genotypes.
The raw allele sizes (in base pairs, bp) of 29 alleles were assigned to their appropriate allele-size 'bin', based on the microsatellite repeat length using Allelobin v2.0. Idury and Cardon, (1997) . The 'binned' data set was used for analyzing genetic diversity parameters viz., gene diversity Weir, (1996) , Polymorphic Information Content PIC; Botstein et al. (1980) , major allele frequency Weir, (1996) , number of alleles per loci and availability and Analysis of MOlecular VAriances (AMOVA) using PowerMarker v.3.25 (Liu and Muse, 2005) . The SSR marker which recorded multiple doses of alleles per genotype, genetic parameters (gene diversity, PIC, major allele frequency and availability) were estimated separately for each dose of allele and averaged out per SSR locus to get respective SSR marker value. A total number of alleles detected across all the allelic doses of SSR marker were taken as number of alleles per SSR marker locus. Gene diversity Weir(1996) , Polymorphism Information Content PIC; Botstein et al. (1980) and Allele Frequency Weir, (1996) were also estimated.
A total of 72 alleles were detected from 16 SSR markers, where each allele was scored for its presence (1) and absence (0) across 47 finger millet genotypes like for dominant markers. This binary data was subjected for the construction of Jaccard's similarity matrix Jaccard(1901) , which was subsequently used in the construction of hierarchical dendrogram based on UPGMA (Unweigh ted Pair Group Method using arithmetic Averages) algorithm and two dimension Principal Component Analysis (PCA) graph using NTSYSpc 2.02i (Rohlf, 1992) .
Results and Discussion
All the 16 SSR markers revealed amplification in all the genotypes and out of which, nine markers viz., UGEP56, UGEP66, UGEP68, UGEP46, UGEP81, UGEP31, UGEP64, UGEP102 and UGEP95_2 recorded single allele (band) dose per genotype, UGEP33, UGEP96, UGEP3, UGEP79 and UGEP65 showed two allele (bands) dose, UGEP110 and UGEP107 recorded three alleles (bands) and seven alleles (bands) per genotype (Fig. 1c) , respectively. The amplification of SSR marker at more than one allele dose could be attributed to homeologous loci of two genomes in finger millet Hiremath and Salimath, (1992) , where segments of chromosomes might be present in more than two copies over genomes. Manyasa et al. (2015) also observed amplification of duplicate loci for UGEP110 marker, which were scored as two separate markers viz., UGEP110 and UGEP110-1. Similarly Santie et al. (2015) also observed two duplicate loci each for four markers viz., UGEP5, UGEP51, UGEP95 and UGEP103 and were scored as separate markers. A total 72 alleles were observed from 16 SSR markers, of which 63 alleles were polymorphic and 9 alleles were monomorphic. The allelic size among markers ranged from 153 bp (UGEP107 and UGEP102) to 261 bp (UGEP31). The number of alleles per SSR marker ranged from 1 (UGEP96, UGEP81 and UGEP95_2) to 14 (UGEP107) with an average of 4.69 allele per SSR marker. Similar allelic behaviour was reported by Nirgude et al. (2014) , where allele range was from 2 to 8 with an average of 4.8 alleles per loci across 103 finger millet genotypes. Santie et al. (2015) has observed 14 alleles for UGEP24 marker across 10 diverse finger millet genotypes. More number of alleles per marker loci across genotypes suggests broader genetic base in the material.
Genetic diversity among finger millet genotypes was significant as indicated by PIC values and gene diversity values of the SSR markers. PIC values of 13 polymorphic SSR marker ranged from 0.02 (UGEP56) to 0.61 (UGEP64) with an average of 0.22 (Table 3 ). The highest PIC value was observed in UGEP64 (0.61) followed by UGEP33 (0.44) and UGEP66 (0.41). Similarly, gene diversity among finger millet genotypes varied from 0.02 (UGEP56) to 0.67 (UGEP64) with an average of 0.26 (Table 3) ; and highest gene diversity value was observed for UGEP64 (0.67) followed by UGEP31 (0.49), UGEP33 (0.48), UGEP68 (0.47), UGEP66 (0.46) and UGEP46 (0.46). The mean PIC value (0.22) is comparatively less than 0.34 as reported by Nethra et al (2014) and mean genetic diversity value (0.26) across 47 genotypes were comparable with 0.33 as reported by Dida et al. (2008) among 79 finger millet accessions from Africa.
The UPGMA based dendrogram grouped 47 genotypes into three major clusters (Fig. 2) . Cluster 2 was largest, with 28 genotypes, and was subdivided into three sub clusters 2A (16), 2B (8) and 2C (4). Cluster 1 was the second largest having 14 genotypes followed by Cluster 3 having 5 genotypes. The cluster 1 was dominated by varieties and cluster 3 by African germplasm, while cluster 2 was composed of both germplasm and varieties.
Clustering of genotypes derived from same geographical region was observed in UPGMA based dendrogram. Majority of genotypes from Andhra Pradesh (VR 762, VR 847, PR 1044) had fallen in sub cluster 2A; majority of genotypes from Karnataka had grouped in cluster 1 (HR 911, MR6, Indaf 7, L 5, Indaf 8, GE 1, and Indaf 5) and sub cluster 2B (GPU 67, GPU 28, GPU 66 and Indaf 9); genotypes from Uttarakhanda in cluster 1 (VL 315 and VL 149) and genotypes from Tamil Nadu in cluster 1 (CO 13 and GE 436). Among African genotypes, separate clustering was observed for Uganda (GE 4687, GE 4683 and GE 4693 in sub cluster 2A) and Kenya (GE 4764 and GE 2816 in cluster 3). Remaining germplasm from African and Asian continent and varieties from different states did not reveal any specific clustering pattern according to their geographical origin.
Majority of these genotypes consisted varieties selected from breeding programs, where selection pressure had invariably operated for adaptation to local condition, for example varieties from Andra Pradesh are adapted to costal climatic conditions, leading to fixation of common adaptation alleles among different varieties of same geographical region. Similarly clustering of African genotypes could be attributed to adaptability to their specific agro-climatic region. Interestingly clustering was noticed for some genotypes that share common features viz., non-lodging (GPU 67 and A 404 in sub cluster 2B), late duration (KOPN 235, MR 6, Indaf 7, GE 4972, GE 1 and Indaf 8 in cluster 1; GE 4764, GE 4939, GE 2816, GE 4906 and GE 5078 in cluster 3), high seed test weight (GE 4683 and GE 4693 in sub cluster 2A), adaptation to coastal region (VR 762, VR 847, PR 1044 in sub cluster 2A) and high grain yield (KOPN 235, HR 911, MR 6, Indaf 7, GE 4972, L 5, Indaf 8, GE 1 and Indaf 5, in cluster 1; GPU 67, GE 5038, GPU 28, GPU 66 and Indaf 9 in sub cluster 2B). The genotypes (GPU 66, PR 202 and GPU 28) related in the pedigree also showed clustering in sub cluster 2B, where GPU 66 is derived from the cross, PR 202 x GPU 28. The virescence mutant (GE 1) and its wild type (Indaf 8) were clustered together in cluster 1, which differed only for mutant gene(s). Clustering of genotypes according to geographical origin in finger millet was also reported by Dida et al. (2008) , Bharathi (2011) and . (Fig. 3) , indicating diverse nature of genotypes. Majority of genotypes revealed clustering pattern based on geographical origin and common features on PCA plot as observed in UPGMA dendrogram (Fig. 2) .
Analysis of molecular variance (AMOVA) was performed utilizing 20 polymorphic SSR marker bands to partition total genetic variation into within and between germplasm and varieties (Table 4) . AMOVA showed 93.10 % of total SSR allelic variation for within the group of germplasm and varieties, and 4.14 % between germplasm and varieties; implying comparatively less differentiation as groups between germplasm and varieties. Similarly, Ramakrishnan et al. (2016) have reported highest molecular variance for within population (93 %), lowest for among various geographical regions (4 %) and among populations (3 %). Between germplasm and variety groups, varieties (53.39%) have shown more genetic polymorphism over germplasm (39.71 %). Considerable genetic diversity within cultivated varieties could be due to the operation of continuous selection pressure (both artificial and natural) in different agro-climatic zones for adaptation and breeding selection on varieties for diverse special features. However, slightly less genetic variation within germplasm could be attributed to smaller number of germplasm (18) as compared to varieties (29) besides stringent selection process in selecting the germplasm.
The analyses of genetic diversity and AMOVA have confirmed the existence of significant genetic variation among all the genotypes and within varieties and germplasm. UPGMA based cluster analysis showed the clustering of genotypes according to their geographical origin, their common characteristics features and pedigree relationship. Many of the test genotypes have been used frequently in hybridization breeding and hence diversity information among these elite genotypes could be useful in selection of parents in breeding program. 
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